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Pneumothorax occurs in 5-41% of all thoracic injuries [1] [2] [3] , and in up to 25% of patients suffering multiple injuries [4, 5] . Besides hemothorax, pneumothorax is the most frequent indication for insertion of a chest tube in trauma patients [4, 5] . Complications like tube malposition have been reported in up to 25% of attempted insertions of a chest tube [1, [6] [7] [8] . In an emergency setting, needle decompression is a widely used technique to manage a tension pneumothorax. However, this is an inexact and potentially dangerous technique. It may be ineffective, and requires subsequent chest tube insertion in a significant number of cases [9] [10] [11] [12] [13] . Therefore, needle decompression may be considered primarily as a diagnostic manoeuvre. In advanced pre-hospital emergency care, tube thoracostomy serves as the gold standard in treating tension pneumothorax [14] . The success rate of chest tube placement in a pre-hospital emergency setting ranges from 79 to 95% [9] .
There are two possible approaches available for chest tube placement: the ventral approach (2 nd -3 rd Intercostal space in the mid-clavicular line, according to Monaldi); and the lateral approach (4 th -6 th intercostal space in the mid-axillary line, according to Bülau) [15, 16] . The lateral is considered optimal in trauma patients [17, 18] .
One of two basic techniques to insert a chest tube is usually applied: the trocar or the non-trocar technique. The trocar technique alleviates guidance as compared to non-trocar techniques, but has the potential of increased complication rates [17, 18] . However, a recently described technique using the fingers for exploring the pleural space and simultaneously guiding the trocar improves safety and has shown equally low complication rates as with the non-trocar techniques [19] .
If using a trocar technique, two main types of chest tube devices are currently available in order to perform thoracic drainage: one equipped with a sharp tip and the other with a blunt tip. However, it is not known how these different trocar tips differ in terms of safe, effective and efficient chest tube insertion. Thus, the aim of this study was to test the hypothesis that there is no difference between blunt and sharp tip devices with respect to success rate of placement, complications, and time to accomplish the procedure.
Methods
With approval of the Local Ethical Committee of the Medical University of Vienna and after having obtained informed consent, twenty emergency medicine residents between their 2 nd and 5 th year of residency participated in this controlled, randomised, single-center study. Only two of them had previously performed one tube thoracostomy; the other 18 physicians had no previous hands-on training or experience in performing any tube thoracostomy.
All physicians attended a one-hour-long standardised lecture covering relevant aspects of basic anatomic, physiologic and pathological principles, clinical indications and contraindications, as well as complications of insertion of chest tubes. Following the lecture, emergency physicians participated in a practical demonstration, where insertion of chest tubes into a human cadaver using the two different devices was demonstrated by an experienced physician.
After the lecture and practical demonstration, each physician had to perform the procedure on one side of an adult human cadaver using a tube kit selected in a computer-generated randomised sequence. Afterwards, the physician had to perform the procedure using the other kit on the other side of chest. This procedure was repeated monthly for 5 consecutive months by each physician in order to evaluate a possible training or learning effect. In this manner, 20 different physicians inserted a total of 100 chest tubes with each kit.
Physicians were not allowed to watch each other to avoid any observational teaching bias or learning effect.
Chest tube insertion was performed with the following two kits:
Kit 1: The Tyco ® tube thoracostomy unit (Tyco With both kits the following thoracostomy insertion technique was applied, as recently described as an alternative and safe technique in closed tube thoracostomy by Dural [19] .
1. A 2 cm incision through the skin and subcutaneous tissue just superior and parallel to the caudal rib of the fourth or fifth intercostal space in the mid-axillary line is performed. 2. The index finger palpates and widens the incision. 3. The chest tube is guided bluntly with the index finger through the chest wall and advanced over the trocar into the pleural space.
The physicians were allowed only one attempt per kit and cadaver. In total, ten chest tube placement attempts were documented for each emergency physician (5 attempts using kit 1 and 5 attempts using kit 2). After chest tube placement, all human cadavers underwent post-mortem examination by an independent pathologist not involved in this study. The pathologist inspected the cadavers for accuracy of placement and complications, including damage to internal organs and lacerations to the lung, liver, spleen, or diaphragm, or injuries to major extra thoracic viscera.
Age, sex, height, weight, body mass index (BMI) of the cadavers, and the intercostal puncture site were recorded. BMI > 25 kg/m 2 was defined as obesity. The primary outcome parameter was efficiency of tube insertion as defined by the time to complete the procedure (time from skin incision to successful tube insertion). Secondary outcome parameters were learning effect (= difference in time of the procedure of first try versus the fifth try), the incidence of complications (= injuries to internal organs) and its association with BMI, the performing physician and the specific attempt. 100 adult human cadavers, undergoing obligatory post-mortem examination, were used for this study. This sample size was judged acceptable and was based on what was considered achievable and realistic within a reasonable time frame. Human cadavers were refrigerated and non-formalin-fixed within 4-24 hours after death. All human cadavers, except human cadavers with chest or abdominal trauma, obvious chest pathology, or any form of infection (tuberculosis, hepatitis C, or HIV) were used
Statistical analysis
For the statistical description of the cadavers (demographical data) means and standard deviations (SD) were calculated. For the primary end-point (total time of procedure) we performed paired t-tests for each trial individually as well as a multifactorial analysis of variance (trial number, BMI of the cadaver, individual physician). For the secondary end-points (complications, failures, categorised BMI of cadaver) a contingency table was built and analysed by the chi-square test or by Fisher's exact test respectively. SAS, Version 9.1, Cary, NC, was used. The null hypothesis was rejected when the two sided significance level was below 5%.
Results
Both tube types were inserted into the same cadavers per physician per day; therefore demographic characteristics are equal in both groups [table 1]. Two trials with kit 1 had to be aborted because of a material defect and were excluded from analysis. Results from all other 98 thoracic tube placements were included in the analysis.
Mean time for chest tubes insertion with blunt tips was 63 seconds (± 25), versus 59 seconds (± 22) using sharp tips (p = 0.41).
Furthermore, no difference in mean time comparing each trial, from first to fifth trial, could be shown between kits. However, mean time for insertion decreased equally for both kits from first to fifth attempt Post-mortem examination revealed that chest tubes were accurately placed into the pleural space in 92 out of 98 (94%) cadavers using kit 1, and in 86 out of 100 (86%) using kit 2 [table 3]. No difference between right and left sided injuries or misplacement could be found.
Injuries and misplacements occurred more frequently using chest tubes with kit 2, which contains a sharp tipped trocar (p = 0.04). Injuries to internal organs occurred when the tube was inserted via the seventh or eighth intercostal space, based on incorrect application by the operators. Two trials using kit 1 had to be aborted due to damage of the thoracic drain by the trocar, resulting in inability to introduce the chest tube. In both groups no lung or heart lacerations or stomach Ortner
injuries were observed. Contingency table calculation demonstrated an association of organ injuries with the use of kit 2 (p = 0.043). The same 2 operators misplaced the chest tube using kit 2 during all attempts, resulting in misplacement due to the operators (p = 0.001), (kit1: p = 0.62). In contrast, no association could be found between incidence of misplacement and BMI of the cadaver (kit1: p = 0.62; kit 2: p = 0.28), or the number of prior attempts. Errors appeared to occur at any point in the training of particular physicians.
In the analysis of variance with three factors (including BMI, performing physician and number of trials), it could be shown that the time for insertion was dependent on the cadaver's BMI (kit 1: p < 0.002, kit 2: p < 0.03) and on the individual physician (p < 0.001 in both groups).
Discussion
To our knowledge, this is the first published controlled randomised study evaluating efficiency, training effect, and safety of tube thoracostomy, comparing kits equipped with either blunt or sharp tips in a sample of human cadavers.
Chest thoracostomy using sharp tipped trocars was around 4 seconds faster than using blunt tips; however, this difference seems to be clinically not relevant. Insertion times were increased in obese cadavers, operator related, and could be reduced with training. Using either kit led to high complication rates, with a significantly increased incidence of organ injuries using sharp tipped as compared to blunt tipped trocars.
In 2009, the National Patient Safety Agency in the United Kingdom reported that equipment problems, adequate training, and site selection are crucial factors influencing effective and safe chest drain insertion [20] . Pleural drainage techniques are not uncomplicated, and have the potential to cause life-threatening injury [14] . Even though there is ongoing debate about its safety, the sharp tipped chest trocar technique is still widely used [8, 21, 22] . A recent study by Dural et al. reports higher success rates without difference in complication rate using a sharp tipped trocar when compared to a surgical technique in human patients [19] . In this study, the usual trocar technique was modified such that the pleural space and adhesions were bluntly dissected with a finger before advancing the thoracic trocar and drain. In other words, the trocar was not used to dissect, but to guide the drain into the pleural space. This technique is comparable to the one described in this report. Rates of misplacement or ineffective drainage for these trained cardiothoracic surgeons were reported to be 13.3% with the surgical technique and 7.8% with the trocar technique [19] . The authors used a kit similar to kit 2 described in this study, which in our training regime resulted in a high complication rate of 14% overall. Nevertheless, although our complication rate was higher than that reported by Dural et al., it is perhaps not surprising if one considers the relative lack of experience of the physicians that participated in our study, compared to that of trained surgeons that participated in the study of Dural. However, the Early Management of Severe Trauma (EMST)/Advanced Trauma Life Support (ATLS) courses and current guidelines still advocate the non-trocar technique as a safer method of chest tube insertion. The comparable high complication rates observed in our study consequently do not give an indication to change that policy and refute the findings by Dural et al claiming the trocar technique being equally safe.
Although smaller tubes are (< 14 F) increasingly used [23] , we evaluated the use of medium sized bore tubes 
(24 F), as they are recommended for managing hematothorax, mechanical ventilation barotrauma, and some cases of pneumothorax [24] . In our study, surprisingly, no relevant difference in thoracostomy insertion time between kits could be demonstrated with a sample size of 100 trials in each group. Our sample size was set randomly, without a pilot study to establish the power of this study. By increasing its sample size the probability to reject the null hypothesis could have been increased. However, we believe that our results reliably demonstrate that there is no clinically relevant difference in insertion efficiency between the kits. Interestingly, from first to fifth attempt, time for insertion could be significantly reduced by 20 seconds, indicating a training effect. Using human cadavers as a teaching model, Proano et al. demonstrated significant reductions in insertion times [25] : Average time for first insertion attempt was 86 seconds, which decreased to 34 seconds at the fourth attempt. This strong training effect may be explained by the fact that trainees performed four procedures in a row in the same session. In our setting, by contrast, each thoracostomy was performed in one month intervals. So even though mean values slightly differ between studies, our results confirm a training effect and emphasise the usefulness of this training model.
In our study, insertion time was increased in cadavers with higher BMI, demonstrating that obesity impedes chest tube insertion. No association between increased BMI and tube malposition could be found, which is in accordance with findings reported in critically ill patients [22] . However, in both studies the correlation of BMI and chest tube malposition has been reported as a secondary outcome and was not sufficiently powered to draw a definite conclusion.
The use of human cadavers for chest tube insertion is a well-established method for training purposes [25] . There are, however, several limitations. The condition of the somatic tissue present in the cadaveric state is significantly different from that found in the living human. Furthermore, complications, such as bleeding of an intercostal artery, infections, and problems arising with chest tube removal cannot be simulated. Despite these limitations, we could demonstrate that misplacement or organ injury occurs significantly more frequently using sharp tipped trocars. We taught trainees to insert the chest tubes via the fourth or fifth intercostal space in the mid-axillary line because the diaphragm may rise to the level of the fourth intercostal space during full expiration. However, as described above, misplacements and organ injuries occurred mainly because chest tubes were placed via the seventh or eighth intercostal space. This confirms the conclusion by Lamont et al. that difficulties in identifying intercostal structures impede correct placement [20] .
Interestingly, even though all participants had the same level of training, misplacement was operator related, and not related to number of prior training sessions. This shows that training duration may need to be customised to the individual trainee's learning rate. Cadaveric simulation may be an effective device to identify individuals that may benefit from additional training. Furthermore, it emphasises general recommendations that adequate training is a primary influence on the incidence of chest tube complications [26, 27] .
One might be surprised about the low level of experience in inserting chest drains of emergency physicians with at least 2 years of training. In our study center, the General Hospital of Vienna (AKH-Wien, Vienna, Austria), emergency care is divided into a medical emergency department and a trauma emergency department. Our physicians were recruited entirely from the medical department, as we believed training effects could be better demonstrated with physicians with little surgical training.
Conclusion
To conclude, in this study, chest drain insertion with trocars is associated with a 6-14% complication rate that is operator related. The use of sharp tipped trocars increases the incidence of complications without facilitating the speed of the procedure. Therefore, sharp tipped trocars should not be used in routine clinical setting. Insertion time can be reduced with advanced training, however, is operator related and influenced by the patient's BMI. manuscript, revised it critically for important intellectual content, and has given final approval of the version to be published. NS, VL and PS contributed to the study design and acquisition of data. ES performed the statistical analysis, and RS analysed and interpreted data. MF contributed to study design and interpretation of data. All authors read and approved the final manuscript.
